Introduction: The performance of implant surgery in the posterior maxilla often poses challenges due to insufficient available bone. Sinus floor elevation is developed to increase needed vertical height to overcome this problem. Many grafting materials had been used to augment subsinus area. Recently, several authors have shown that simultaneous sinus lift and implantation using autologous platelet-rich fibrin combined with biphasic calcium phosphate as a grafting material is a reliable procedure promoting bone augmentation in the maxillary sinus. Objectives: This study was aiming to evaluate bone formation after maxillary sinus membrane elevation using lateral window technique and simultaneous implant placement using biphasic calcium phosphate combined with platelet rich fibrinas agrafting material.
INTRODUCTION
Dental rehabilitation of edentulous posterior maxillary region is considered one of the most significant challenges that faces the Oral and Maxillofacial surgeon, as well as, the restorative dentist (1) . Bone loss in the oral and maxillofacial region can result from trauma, congenital disorders, ablation of tumors and enucleation of cysts, anatomical events, such as pneumatization of the maxillary sinus, and infections (2) . A solution to restore the lost oral function in edentulous patients is the placement of dental implants. However, a common problem for implant placement is the lack of sufficient bone height caused by excessive bone resorption, which occurs after tooth loss, particularly in the posterior maxillary bone (3) .
Lateral Sinus Lift is one of the most widely used augmentation procedures. To increase vertically available bone volume of the edentulous posterior maxilla, where the bone often has poor quality and is reduced by the extended maxillary sinus. When considering that the minimum safe length of the implant is 10 mm, the bone at the site of the first premolar is very low in one-fourth (25%) of patients. The bone is insufficient in more than half of patients at the level of the second premolar, and in 80 to 90%of patients at the level of molars (4) .
The most commonly used augmentation method for the sinus reconstruction was presented by Tatum in 1976 at Alabama implant conference and published by Boyne and James in 1980. It intended to increase the vertical bone dimension in the posterior maxilla where access to the maxillary sinus is obtained by drilling a bony window in the lateral sinus wall while ensuring that the sinus membrane remains intact (5) .
Various bone substitutes have been used for sinus floor elevation procedures. Autologous bone is considered the gold standard (6) (7) (8) . However, the autologous bone transplanted may have an inconsistent rate of mineralization, due to the ratio of cortical to cancellous bone, and given that it also requires an additional donor-site surgery, it may not thus always be the material of choice for sinus floor elevation (8) .
Platelet-rich fibrin (PRF) is an autologous fibrin matrix. It was described by Choukroun et al (9) specifically for oral and maxillofacial surgery applications. PRF can be classified as a second-generation platelet concentrate because it contains leukocytes and does not require an anticoagulant (10) (11) (12) . Venous blood is collected in 10-mL dry tubes and centrifuged for 12 minutes at 2700 rpm (∼400 g). After centrifugation, 3 layers are obtained: red blood cells at the bottom, acellular plasma at the top (platelet-poor plasma), and PRF between the 2 layers. It was shown that, after centrifugation, ∼97% of platelets and 50% of leukocytes of the original blood volume were concentrated in the PRF (13) . Previous studies showed the slow release of growth factors such as transforming growth factor β1, platelet-derived growth factor β, and vascular endothelial growth factor, especially during the first 7 days (14,15). Zumstein et al (16) also reported that this release continued with the decrease up to 28 days. PRF can be used as the sole biomaterial (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) or combined with different bone substitutes (18) .The use of PRF in conjunction with grafting materials would accelerate bone regeneration.
Biphasic calcium phosphate (BCP) is a commonly used synthetic bone substitute comprising less soluble hydroxyapatite (HA) and more soluble β-tricalcium phosphate (β-TCP). It is a biocompatible, osteoconductive, and cost-effective biomaterial. The main advantage of BCP is that its chemical composition is similar to that of apatite in biological bone (19) (20) (21) . The hard particles of HA support the bulk of the graft material, and β-TCP increases the replacement of its degradation products with blood vessels and lamellar bone (22) .
Therefore, the present study was designed to evaluate the effect of PRF and BCP on bone regeneration in sinus lifting with simultaneous implant placement
MATERIALS AND METHODS

Selection of patients
The present study was conducted on ten patients with age range from 30-50 years seeking implantation of their lost posterior maxillary teeth, and had limited bone height below the floor of the maxillary sinus, secondary to sinus pneumatization. They were selected from the Outpatient Clinic of oral and maxillofacial surgery department at the Faculty of Dentistry, Alexandria University. Patients were selected on the basis of history, clinical examination and radiographic examination using panoramic radiography and cone-beam CT to fit the following.
All patients were informed about sinus lifting and implant placement procedures and they gave their approval to participate in this study with written consent Inclusion criteria · No recent sinus surgery, severe sinus floor convolutions or prominent sinus septa. · Acceptable inter-arch space for the future prosthesis. · The ridge height at the site of implantation should be 4-7 mm.
Exclusion criteria
Patients with immunologic diseases, unstable diabetes mellitus, maxillary sinus inflammations or other contraindicating systemic conditions were excluded.
Material
A. Platelet Rich Fibrin (PRF) PRF clots and membranes were prepared as described by Choukroun et al. During surgery, 10 mL of venous blood was drawn in a glass-coated plastic tube without anticoagulant. A total 20ml of blood was taken from each patient and the tubes were immediately centrifuged at 2700 rpm for 12 minutes. Platelets were immediately activated, thus triggering a coagulation cascade.
After centrifugation, 3 layers were obtained: acellular Properties of BCP bioceramics relating to their medical applications include: macroporosity, microporosity, compressive strength, bioreactivity (associated with formation of carbonate hydroxyapatite on ceramic surfaces in vitro and in vivo), dissolution, and osteoconductivity. Biphasic calcium phosphate bioceramics is recommended for use as an alternative or additive to autogeneous bone for orthopedic and dental applications.
C. The implant system Ten dentis (Dentis implant, DentisInc, Daegu, Korea) sclean tapered implants were used. This implant has an endosseos root form with resorbable blast media (RBM) surface treatment and tapered body with optimized thread, design and simplified conical prosthetic component. It has an internal hex connection and having different lengths (8,10,12,14 mm) and diameter (3.7,4.1, 4.3,4.7mm).
Methods
Preoperative phase
A. Clinical examination Patients' data were collected; name, gender and age, medical and dental history were taken. All patients were subjected to extra oral examination; lymph node examination and examination of the area above the maxillary sinus for the presence of any tenderness or swelling. Also, intra-oral examination to determine the condition of the edentulous maxillary area and the opposing dentition. The oral mucosa of the edentulous area was examined for color, texture, firmness and thickness, the buccal vestibule and the palate were examined for the presence of any pathologic condition.
B. Radiographic examination Orthopantomograms were performed for all patients for pre-operative preliminary assessment. Cone beam Computerized Tomography (CBCT) were performed for all patients preoperatively to measure the vertical height of the bone between the alveolar crest and the floor of the maxillary sinus, and the bone width at the selected edentulous area to select the suitable implant site, length and width (Figure1). 
Surgical phase
A modified Caldwell-Luc sinus augmentation was performed under local anesthesia (2% lidocaine hydrochloride-epinephrine 1:100,000; Huons Co., Seoul, Korea) was achieved by maxillary vestibular infiltration and middle/posterior superior alveolar nerve block.
A trapezoid flap was used to fully expose the alveolar ridge and the lateral wall of the maxillary Sinus via elevation of a full thickness mucoperiosteal flap, an incision was made, 2 to 3 mm on the palatal side of the crest of the ridge with two vertical releasing incision at least 15 mm mesial to the antral opening.
Bony window, round to elliptical in shape, was cut 5mm away from the crest of the ridge. (Figure 2 ) With using a diamond round bur and piezoelectric device (Surgybone Silfradent, srl, Sofia, Italy) and the antral mucosa was then carefully elevated and the prepared antrostomy was subsequently in-fractured, like a trap-door, and used as the superior border of the sinus compartment, leaving it attached to the underlying Schneiderian membrane eand being careful not to create perforations. The sequence of membrane elevation was used from the sinus floor, toward the posterior wall, then superior wall and finally to the anterior wall. The membrane was elevated from the medial sinus wall to allow for optimal graft placement.
When the sinus membrane was intact, a bellows effect was observed as the patient breathed. In the event of an accidental perforation, a PRF as membrane was used to seal the communication between the graft and the sinus cavity. Drilling at the implant site was performed using the implant micromotor and Dentis implant drilling kit at low speed (800to 1200 rpm) high torque (35 Ncm) along with copious irrigation (external and internal) of normal saline to prevent thermal injury to the bone. Tapered design implants (Dentis implant, DentisInc, Daegu, Korea) were placed in the prepared site and then the osteotomized segment was supported on the implant head. (Figure 3 The space created was filled with mixed BCP and PRF and the implant surface was covered with the same. (Figure 4) The lateral window was then covered with PRF membrane to avoid the fibrous adhesion between the inner surface of the flap and bone graft. (Figure 5 ) After the placement of the membrane, the mucoperiosteal flap was replaced and sutured by simple interrupted suture technique, using black silk suture 3/0 (Ethicon SETA, B-1130 Brussels, Belgium). 
Post-operative phase
A. Postoperative Instructions • The patients were instructed to apply cold fomentations and avoid hot drinks for the first day.
• Apply hot fomentations from the second day.
• Avoid chewing hard food at implant site. 
Follow up phase
A. Clinical examination All patients were examined the day after surgery then weekly for the first month postoperatively, then on an interval of 3, 6 and 9 months postoperatively. The clinical parameters of importance for determination of implant success includes: The presence of pain, tenderness, discomfort, wound dehiscence, implant mobility or any other complications related to the sinus lifting procedure or implant placement.
1. Pain and discomfort Pain was examined using visual analogue scale (VAS). The VAS is a simple, uni-dimensional measure of pain intensity that allows the severity of the pain experienced to be expressed as a numeric value. It is presented as a plain horizontal 10 cm line. The patients were instructed to bisect the line at a point appropriate to their present discomfort. A zero value regarded to be pain free; whereas the most severe pain was rated at 10.
2. Wound dehiscence Wound dehiscence was evaluated through inspection of the wound area regarding its presence or absence.
3. Nasal obstruction It was evaluated by asking the patient during the follow up phase regarding its presence of absence.
4. Edema It was evaluated subjectively by inspection.
Evaluation of implant mobility
Evaluation of implant mobility as described by Smith and Zarb. It was carried out by the application of a back and forth pressure with two instrument handles then simple grading was recorded as (0= no mobility noted), (1 = mobility noted) at 6 month.
A. Radiographic evaluation • Immediate post-operative panoramic x-rays were taken to evaluate the position and angulation of the implants, then at 3 and 6 post-operative months to detect any radiographic changes around the implants.
• Cone-beam CT was preformed for all patients at 9 post -operative months after implant insertion to assess bone formation and density ( Figure 6 ). CBCT measurements were performed using On Diamond 3DApp-DBM. 
Prosthetic phase
Definitive porcelain fused to metal restorations were delivered to all patients at the 6 th postoperative month.
Statistical analysis
Data were presented as mean and standard deviation (SD) values. Paired-test was used to compare between preoperative and postoperative bone height. Wilcoxon signed ranks-test was used to compare between preoperative and postoperative bone density. The significance level was set at P ≤ 0.05.
RESULTS
In this study, ten sinus floor augmentations were performed on ten patients. The selected patients were 4 males and 6 females, and their age ranged from 30-50 years. The mean height of the alveolar ridge from the marginal crest to floor of the maxillary sinus was 5.69 mm ± 0.95 mm (Range: 4.49 -6.8 mm). Ten implants were placed in the maxillary posterior teeth, 10 at the molar region. The patients received implants with length ranged from 10.0 -12.0 mm. All the placed implants were 3.7 mm in diameter.
1-Pain index:
Pain index recorded its highest ranging from 1-3 with a mean of (2.0 ± 0.82) during the 1st post-operative day, 0-2 with a mean of (1.00 ± 0.82) during the 1st post-operative week, 0-1 with a mean of (0.29 ± 0.49) during the 2nd postoperative week. While no pain was recorded since the 3 rd week postoperatively till the rest of the follow up period. It was statistically significant starting from the 1st week postoperatively compared to the 1st post-operative day (p ≤ 0.05).
2-Tenderness
Tenderness was present only in 3 patients during the 1 st post-operative day and absent in all patients during the rest of the follow up period. Swelling was observed in4 patients during the 1st postoperative day, and resolved completely in all cases during the 1st post-operative week. 3-Nasal obstruction and nasal bleeding Nasal obstruction was a complaint for 4 patients during the 1st postoperative day. Only 3 patients had complained during the 1st and 2nd postoperative weeks. Nasal bleeding was absent in all cases.
4-Wound dehiscence
No wound dehiscence was present post operatively in all of the cases.
5-Edema
Minimal edema was present post operatively in all of the cases.
6-Implant mobility
All implants was stable in all follow up period and during abutment tightening.
7-Radiographic evaluation
Cone-beam CT9 months postoperatively showed statistically significant increase in bone height and density. The mean postoperative bone height measured from the floor of the maxillary sinus and alveolar crest was (10.67 ± 1.38 mm) with a range from 8.20 -12.0 mm. A significant change was indicated compared to the preoperative bone height, with a mean percentage of change of 90.72%, as shown in (table 1) . The mean postoperative bone density around the implants after 9 month was (994.82 ± 113.11 HU) and ranged from (832.70-1117.0 HU), which changed significantly compared to the preoperative bone density, with a mean percentage of change 310.39%, as shown in (table 2). 
DISCUSSION
The lateral-posterior parts of the edentulous upper jaw often have anatomical limitations, which result in a continuous challenge for the dental surgeon. In these areas, in fact, the primary stability of implants and the elusion of intra-and post-operative complications may be invalidated by an inadequate three-dimensional bone support, that is to say an insufficient height and/or thickness of the alveolar crest. This bone deficiency may result from an excessive pneumatization of the maxillary sinus (large sinus cavities), from an important atrophy of the alveolar crest referable to dental extractions and/or periodontal diseases or from both of these causes (23) (24) (25) . Besides, the reabsorption process in edentulous posterior maxillary regions can determine insufficient vertical dimensions for implant positioning often requiring additional surgical procedures.
The choice of the lateral window technique in this study was to allow proper visualization of Schneiderian membrane and allows proper and easier application of the PRF mixed with BCP For simultaneous implant placement with sinus floor elevation procedure, a minimum of 4mm of residual bone height has been recommended in order to achieve sufficient initial implant stability (26, 27) .
Many types of materials are used in sinus lift: autologous bone, demineralized and freeze-dried bone, hydroxyapatite and different combinations of these materials, often with satisfactory results in terms of biocompatibility, induction of bone formation and, of course, implant stability (28, 29) . Among the variety of grafting materials, PRF has become a focus of current studies due to its potential to accelerate and improve the healing process. In the present study, we evaluated PRF in combination with BCP for sinus augmentation (18) .
Each bone substitute has advantages and disadvantages. Autogenous bone grafts are still considered to be the gold standard because of their osteogenic, osteoconductive, and osteoinductive properties. Nevertheless, this type of augmentation has the disadvantages of requiring for a second operative donor site and having rapid resorption. Allogenic and xenografts grafts are produced from other humans or animals, making these materials unacceptable to some patients. These materials also involve the risk of carrying disease. Synthetic or alloplastic grafting products such as HA/TCP composite ceramics (BCP) therefore provide another option. The advantages of BCP compared with autogenous grafts are their synthetic origin, biocompatibility, osteoconductivity, unlimited quantity, and avoidance of a second surgical site. Therefore, clinically applied BCP was preferred in the study (20) .
The literature includes few studies using only PRF or graft materials with different characteristics combined with PRF.
PRF was used as graft material in this study because it is a fibrin-matrix in which platelet, cytokines and cells are entrapped and released after a certain time and can serve as a resorbable membrane. It is considered to be a healthy biomaterial, and it was initially used in oral implantology by its promoters, and presently, its application has been advocated in various disciplines of dentistry (30) .
In the present study no wound dehiscence was present post operatively in any of the cases and radiographic evaluation by CBCT 9 months postoperatively revealed the absence of any fluid level or inflammatory process.
Nasal bleeding was absent in all cases postoperatively during the follow up period. While, pain and discomfort scale significantly changed after the first day. Swelling was present in 3 cases on the first day only and nasal obstruction was a postoperative complain in 3 cases on the first day, with its absence in all cases for the rest of the follow up period. This coincides with Carini et al (31) in 2014, in their study where they observed better healing quality by reducing patient's postoperative morbidity when using piezosurgery.
Also, in agreement with Dohan et al (32) in 2006, where they mentioned that PRF might decrease many harmful effects due to inflammatory processes that are inherent to the surgical act itself, mainly by correcting certain destructive and noxious excesses during the healing process of wounded tissues.
In addition, He et al (33) in 2009 in an in vitro study reported the superiority of PRF in the expression of alkaline phosphatase and induction of mineralization, caused markedly by release of TGF-β1 and PDGF-AB. They remarked that PRF released autologous growth factors gradually and expressed stronger and more durable effect on proliferation and differentiation of osteoblasts than PRP.
In the present study, CBCT obtained 9 months after surgery revealed sufficient newly formed bone in all treated cases, elevating the sinus membrane showing repneumatization around the implants apices. The new bone showed adaptation in shape and volume with the repneumatized maxillary sinus with a decreased noted visibility of the original sinus floor. The apex of the implants remained surrounded with bone radiographically. This indicated the stability of the newly formed bone and bone maturation. The sinus membrane is maintained elevated and the bone gained is preserved. This is in agreement with a 6 year follow up study by Simonpieri et al (34) in 2011, where they performed lateral sinus lifting on 20 patients with simultaneous implant placement and PRF was used to fill the subsinus cavity. They observed that the final level of the new sinus floor was always in continuation with the implant apical end.
In this study, there was a significant increase in bone height at the end of the procedure at 9 month follow up period. Because the implants served as a tent to maintain the height of the bone healing space the final vertical bone height was dependent on the implant length.
In addition, the density of the new bone formed around the implants was significant at 9 post-operative months. This is in agreement with a study conducted by Mazor et al (35) in 2009, which was designed for the validation of the PRF as a filling material in 25 sinus elevations performedon20patients. Radiographic analysis showed that the final bone gain was always significant with the implant length.
In the current study implant loading was performed at 6 months postoperatively this is following a study that was conducted by Kim et al (36) to compare the survival rate and surrounding tissue condition of sinus bone grafts with simultaneous implant placement between 4-month and 6-month occlusal loading after implantation, and concluded that the cases in which the residual bone was >3mm and primary implant stability could be obtained loading is possible 4 months after the sinus bone graft and simultaneous implant placement with no significance compared to 6 month loading in implant stability.
In the current study, there was a significant change in the pain visual analogue scale with minimal edema and tenderness through the follow up phase.
CONCLUSIONS
From the results of this study we can conclude that, PRF in addition to BCP may favor the formation of new bone after maxillary sinus augmentation. The effectiveness of PRF depends not only on its features but also the properties of co-administered grafting material. Although it is reported that PRF dissolves more slowly than other platelet concentrates, it does not exceed months when the clinical samples only can be collected; therefore, further studies are necessary to investigate the effects of PRF and coadministered biomaterials on bone formation.
